The 273 hyperfme components from 56 rotational transitions of chlorotrifluoroethylene were measured with a Fourier transform microwave spectrometer. A global least-squares fit was made to the rotational constants, quartic distortion constants, and '%l quadrupole coupling constants; the RMS deviation of the fit was 1.6 kHz. It is shown that such high-resolution measurements enable xnb to be determined without the near degeneracies usually necessary with less precise data.
INTRODUCTION
The microwave spectrum of chlorotrifluoroethylene, CF2 = CFCl, was fnst reported by Stone and Flygare (I). They measured several low-J Q-and R-branch transitions with a Stark-modulated spectrometer and used them to evaluate the rotational constants of the 35C1 isotopic species, along with a structure consistent with the limited isotopic data. The 35C1 quadrupole coupling constants in the inertial axis system (x, , xbb , and x0) were also determined. Using this structure and the assumption that the C-Cl bond is a principal axis of the quadrupole tensor, the inertial quadrupole tensor was rotated to obtain the principal value x,, = -89.1 MHz. This value was much larger than those of other vinyl halides, and the result was rationalized in terms of the bonding of the molecule. A second MW study of this compound appeared subsequently and reported a quite different assignment and rotational constants and more normal quadrupole coupling (2) .
We were motivated initially to explore the assignment ambiguity, and also to resolve the question of the anomalous quadrupole coupling. The latter could be achieved if the complete quadrupole tensor could be determined, in particular the off-diagonal element x,b. This constant would permit the quadrupole tensor to be diagonalized directly without any structural assumptions. To determine xd, however, deviations from first-order quadrupole splitting patterns must be measured. For 35Cl these deviations are usually so small that in the absence of accidental near degeneracies of the correct type (see, for example Ref. (4)) they cannot be determined with a Starkmodulated waveguide spectrometer.
EXPERIMENTAL DETAILS
The transitions were observed with the FTMW spectrometer at the University of Michigan. This is of the Balle-Flygare type and operates in the frequency range of 6-18 GHz (3, 5) . Both a modified Bosch O-280-150-045 fuel injector and a Newport Research Model BV-100 pulsed gas valve were used as molecular beam sources, with orifice diameters of 0.5 and 1 .O mm. A sample of 1% CF2 = CFCl in argon was used at a backing pressure of l-2 atm.
Most transitions could be seen by averaging 1 -100 pulses, although 10 3-10 5 pulses were typically accumulated when determining final transition frequencies. Doppler splitting of the lines was minimized by careful adjustment of the timing of gas and MW pulses. Typical linewidths were = 10 kHz (FWHM) and frequency measurements were usually reproducible to within 1 kHz. Transitions were detectable for states with rotational energies as high as 6.8 cm-' (9.8 K). Such energies imply less efficient rotational cooling than with other species which have been studied with this instrument; no special efforts were made to generate states this high in energy or to detect them other than with long signal averaging times for the weakest transitions.
The program used to fit the transitions performs a simultaneous least-squares fit to the rotational, centrifugal distortion and quadrupole coupling constants including x,b . It has been previously applied to species such as BrNCO (6) and chloroketene (4).
RESULTS AND ANALYSIS
Initially a search was made for four low-J (J < 3 ) lines of the 35Cl species. It quickly became clear that the constants of Ref. (I) predicted the transition frequencies and splitting patterns fairly well while those of Ref. (2) did not. However, the splittings deviated from a simple rigid rotor plus quadrupole Hamiltonian with diagonal coupling constants by several tens of kiloHertz. Including &b in the fit did not reproduce the frequencies to within experimental error and gave an unreasonable value of &b. A second fit was tried, including the measurements of Stone and Flygare in the data set, and the cause of the earlier discrepancy became clear. The accuracy of the FTMW data is so high that unless the positions of the rotational energy levels are very well determined, including centrifugal distortion contributions, anomalous fits are obtained even at very low J. Thus, in order to determine accurate quadrupole constants, accurate distortion constants were needed. These could be obtained only by drasticzdly increasing the number of measured transitions.
In the end, 273 components of 56 rotational transitions of CF2=CF3'Cl were measured with the FTMW spectrometer. These have included remeasurements of those reported earlier ( I ) . A global least-squares fit was made to all rotational constants, quartic distortion constants (Watson's S-reduction in the I' representation ( 7))) and 35C1 quadrupole coupling constants. The results are presented in Table I . Several fits were attempted including in addition various sextic distortion constants; in all cases these were indeterminate and the goodness of the fit was unaffected. The very small observed linewidths and RMS deviations suggest that effects of magnetic spin-rotation coupling were also negligible.
It is clear from Table I that the precision of the derived constants is extremely high. The precision in &b in particular is higher than has ever been previously reported (4) . Table II presents the frequencies of all measured transitions along with a comparison of the obs -talc deviations obtained when &b is included in the fitting process and when it is deleted. The differences represent the contributions from &b.
Although the contributions of x,& to the frequencies are small in general (~0.1 MHz), they are nevertheless significant. However, for four transitions, namely 734 + 643, 735 + 642,643 + 634, and 642 + 633, they are large enough to be detectable even with a Stark-modulated spectrometer. This is the result of the two near degeneracies 551-643 and 642-55~, both of which are less than 100 MHz. Since these transitions can be expected to have a large effect on the precision ofx,b, and since one of the objectives was to see whether such transitions are necessary to obtain an accurate x&, another fit was done omitting them. The results are also in Table I ; it is clear that an excellent x& was obtained, albeit at reduced precision. Thus, this coupling constant can be determined from frequency measurements of sufficiently high precision in the absence of perturbing near degeneracies. However, the effects of centrifugal distortion may be comparable to the contributions from x& and must be properly taken into account. Of course, a large value of x& is desirable, necessitating propitious values for 8, and X,, -xbb since 2x& = (x,, -xbb)tan 28,.
DISCUSSION
Diagonalization of the quadrupole tensor gives the following principal values: x, = -77.46 f 0.1 MHz, x, = 38.85 + 0.1 MHz, and x,,,, = x, = 38.614 f 0.003
